Angiopoietins signal via the Tie-2 receptor and are essential molecules for vasculogenesis during development and in the adult state play roles in vascular stability as well as inflammation and appear to be involved in the dysregulation of the endothelium in illness. Angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2) are, respectively, agonists and competitive partial agonists, which have been found to undergo alterations in individuals with sepsis. In sepsis, Ang-2 levels are elevated and Ang-1 is decreased. In the previous issue of Critical Care, Fiusa and colleagues measure circulating Ang-1 and Ang-2 along with other growth factors in humans with febrile neutropenia. The authors found that an increased Ang-2/Ang-1 ratio, or an elevated Ang-2 level, at the time of an initial fever, is associated with subsequent development of septic shock and death. These findings validate that the Ang-2/Ang-1 balance, which is thought to reflect overall signaling via the Tie-2 receptor, is relevant to outcomes in patients with sepsis. Importantly, the specimens were obtained far in advance of the development of septic shock, suggesting that detectable alterations in this pathway may provide early clues regarding outcomes. This study adds to the evidence that angiopoietins are early markers of endothelial dysfunction in sepsis and provide prognostic information regarding outcomes.
In the previous issue of Critical Care, Fiusa and colleagues [1] present the results of their inquiry into the prognostic value of a panel of growth factors in the development of septic shock and death in patients with febrile neutropenia. Endothelial growth factors play a critical role in vascular development and remodeling, and recent research has implicated angiopoietins, the newest member of this family, in the pathogenesis of sepsis [2] [3] [4] [5] . Vascular endothelial growth factor (VEGF) is a promoter of vasculogenesis via its own receptors. Angiopoeitin-1 (Ang-1) promotes stabilization and maturation of new blood vessels, whereas angiopoietin-2 (Ang-2), which binds the same receptor (Tie-2), can either promote VEGF-induced angiogenesis or destabilize blood vessels, causing endothelial apoptosis and leakiness in a context-dependent fashion [2] [3] [4] . Animal studies demonstrate that administration of either Ang-1 or a synthetic Tie-2 agonist reduces vascular permeability and organ dysfunction [5] [6] [7] [8] . Ang-2 increases vascular permeability, but it is also clear that activation or inhibition of the Tie-2 signaling pathway effects vascular stability and the production of inflammatory cytokines [9, 10] . Investigations in critically ill humans suggest an association between circulating levels of Ang-1 and Ang-2 and septic shock, acute lung injury, and mortality [11] [12] [13] [14] .
Fiusa and colleagues [1] investigated a population of patients with hematologic malignancies at high risk of development of septic shock due to immunosuppression. Importantly, as a result of the unique criteria used to identify the study candidates, the subjects were identified early in the course of their illness. The authors hypothesized that abnormalities in a panel of biomarkers would be associated with the development of septic shock in a population of patients with cancer and febrile neutropenia (Temperature > 38°C) [1] . The authors enrolled 99 consecutive febrile neutropenia patients who had either acute leukemia or another hematologic malignancy (many had received stem cell transplantation). Specimens were obtained with the next scheduled blood draw after the fever, and exclusion criteria were minimized. In total, 20 of the 99 patients ultimately developed septic shock during the 28-day observation period, and the median time from enrollment to development of septic shock was 3 days. Ultimately, just over one-third of the patients were bacteremic from samples obtained during the febrile episode. The investigators measured Ang-2 and Ang-1 as well as VEGF-A, C-reactive protein (CRP), and soluble fms-like tyrosine kinase-1 (sFLT-1) and followed the patients prospectively for the development of septic shock and death. As single biomarkers, neither VEGF nor sFLT-1 or Ang-1 (or CRP) was associated with development of septic shock. However, Ang-2 was significantly associated with the development of septic shock as was the ratio of Ang-2/Ang-1, which validated previous findings [15] . The authors also determined the sensitivity and specificity of each individual marker and determined the area under the curve (AUC) for each proposed biomarker. The AUC for the Ang-2/Ang-1 ratio was slightly larger (0.68) than that for either Ang-2 (0.66) or Ang-1 (0.63) alone, and all the other measured markers (CRP, VEGF-A, and sFLT-1) were not significant. In a multivariable analysis accounting for variations in platelets, neutrophils, CRP, and age, the risk of development of shock in those with elevated Ang-2/ Ang-1 levels remained elevated. In addition, those with an Ang-2/Ang-1 ratio greater than either the median or 5.0 had significantly increased mortality.
This investigation further demonstrates that the information provided by measuring circulating levels of Ang-1 and Ang-2 contains prognostic information regarding outcomes in sepsis [5, 10, 11, 14, 16, 17] . The novel feature of this investigation is the timing of the sample collection. Therefore, it is of great interest to observe that those with elevated Ang-2 and Ang-2/Ang-1 ratio already had alterations 72 hours prior to the development of septic shock as most prior studies have obtained their human specimens on those with more advanced sepsis [5, [11] [12] [13] [14] . The fact that derangements can be observed potentially farther in advance of the development of organ dysfunction or shock is of profound significance for those interested in therapy for sepsis [1, 16] . Much as lactate has been used to identify septic patients who are at risk of progression in the setting of clinical stability, so too it appears that measurement of Ang-1 and Ang-2 is also capable of identifying individuals at risk for poor outcomes with enough advanced notice to allow time for intervention [17, 18] . Although questions remain regarding the exact role of the angiopoietins in sepsis and whether they are central enough to the primary mechanisms of organ dysfunction to serve as therapeutic targets, it has become increasingly clear that the angiopoietins are more than simply regulators of vascular leakiness but are intimately involved in the dysregulation of the endothelium in sepsis by both vascular and inflammatory mechanisms and that assessment of these growth factors aids in prognosis [10, 17] .
Abbreviations Ang-1: Angiopoietin-1; Ang-2: Angiopoietin-2; AUC: Area under the curve; CRP: C-reactive protein; sFLT-1: Ssoluble fms-like tyrosine kinase-1; VEGF: Vascular endothelial growth factor.
